Many nasopharyngeal carcinoma (NPC) biopsy specimens contain Epstein-Barr virus (EBV). However, the response of NPC cells to EBV infection in vitro and in vivo is not well characterized. In this experiment we infected NPC cells with EBV particles through endocytosis of a complex of EBV immunoglobulin A (IgA) secretory component (SC) protein to observe the response of host cells to the foreign viral infection in vitro. We found that EBV particles were endocytosed and stabilized in NPC nuclei 24 hours after infection; the EBV genomes were then gradually decreased after serial passages within 3 to 4 weeks by the following pathway: the EBV genomes first moved toward the nuclear envelope from the center of the nucleus; after crossing the nuclear envelope, they moved into the cytoplasm and toward the plasma membrane and were discharged by exocytosis. At the 10th day of EBV infection, EBV-latent membrane protein-1 and Epstein-Barr nuclear antigen (EBNA)-1 protein expressions could be detected, but not EBV-viral capsid antigen. Observation of EBNA-1 protein and host growth factor and cytokine gene expressions in the weeks after incubation revealed that the EBNA-1 protein expression was decreased proportionally with decrease of EBV genome. The mRNA expression of epithelial growth factor receptor, transforming growth factor (TGF)-␣, interleukin (IL)-1␤, IL-6, and granulocyte-macrophage colony-stimulating factor increased within 1 to 2 weeks after infection, and gradually recovered to the original level at 3 to 4 weeks, whereas the mRNAs of TGF␤1, TGF␤ receptor type I (TGF␤RI), TGF␤R type II, IL-8, and tumor necrosis factor-␣ remained unchanged. It is concluded that in vitro EBV infection in NPC cells results in increase of certain growth factor and cytokine gene expressions in host cells. The change in gene expression returns to the original level approximately 3 to 4 weeks after infection because of exocytosis of EBV DNA by the infected cells through an unidentified mechanism. (Lab Invest 2000, 80:1149-1160. N asopharyngeal carcinoma (NPC) is one of the most common cancers among Chinese living in Taiwan, Singapore, and South China (Chan, 1990; de The, 1982; Lin et al, 1971). The etiological factors for this cancer are not yet well defined. Epstein-Barr virus (EBV) has been suggested to be closely associated with NPC (Ablashi et al, 1991; Klein et al, 1974; Niedobitek et al, 1991; Zur Hausen et al, 1970) . Hereditary and other environmental factors, such as eating salted fish and exposure to sulfuric acid vapor, have also been associated with NPC (Armstrong et al, 1983; Hirayama and Ito, 1981; Ho et al, 1999) .
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For identification of the actual relationship between EBV and NPC, we have previously established nine NPC cell lines in our laboratory (Lin et al, 1990 (Lin et al, , 1993 .
Results from the observation of EBV in these nine NPC cell lines and biopsy specimens revealed that EBV was present in only five of nine lines and was an episomal, but not an integrated form, in the infected cells. In each EBV-infected cell line, only a small fraction of the cell population contained EBV DNA. In biopsy specimens, EBV did not appear in untransformed squamous metaplastic cells, but it did appear in certain NPC cells and tumor-infiltrating lymphocytes. The EBV-infected tumor cells revealed a geographical pattern similar to a picture of clonal expansion surrounded by EBV-negative NPC cells (Lin et al, 1994) . NPC tumor cells did not express EBV receptor (C3d receptor), but they seemed to serve as polymeric immunoglobulin receptors [secretory component (SC)] in certain tumor cells. SC was also not expressed in the untransformed squamous metaplastic epithelial cells. EBV could infect SC-positive NPC cells through EBV-immunoglobulin A (IgA)-SC mediated endocytosis and be stabilized in the nuclei of the infected cells. EBV genomes gradually decreased in the infected tumor cells after serial passages by an unknown mechanism. In the EBVinfected tumor cells, the SC protein expression was suppressed gradually, probably by EBV protein prod-uct directly or indirectly (Lin et al, 1997b) . Clonal EBV terminal repeat DNA sequence was identified in EBVinfected NPC cells in vitro (Lin et al, 1997a) .
Clinically, NPC patients frequently show a high titer of IgA antibody against EBV antigens, such as viral capsid antigen (VCA) and early antigen (EA). In many cases, the IgA titer against EBV-VCA is elevated following the enlargement or recurrence of NPC tumor mass and is decreased when the tumor mass becomes smaller after radiotherapy (Pearson, 1993; Takada et al, 1995; Wolf et al, 1993) . However, it is not clearly known why the IgA titer anti-EBV changes after the tumor mass becomes larger or smaller. It is also not known why the EBV-infected NPC cells proliferate faster than the EBV-negative NPC cells, resulting in a clonal expansion of EBV-positive tumor cells within the tumor mass (Lin et al, 1994 (Lin et al, , 1997b . EBV-infected NPC cells have been shown to express EB nuclear antigen-1 (EBNA-1), latent membrane protein (LMP)-1, LMP-2A, and LMP-2B, and all of them have transactivation function (Nemerow and Cooper, 1981; Pearson, 1993) , but no clear evidence has been demonstrated that direct EBV infection induces or suppresses expression of NPC cellular growth factors and cytokines. In the present study, we have performed experiments to identify the pathway of EBV genomic loss during subculture and the reasons for this loss and to demonstrate the changes of expression of certain growth factors and cytokines in response to EBV infection.
Results

Identification of EBV DNA in Infected NPC Cells
When in situ PCR hybridization was used to identify EBV DNA in the EBV-infected cells, many granular reaction products of EBV DNA signal were seen clustered in each infected cellular nucleus in the 2-day-infected NPC cells (Figs. 1C and 2A) . But in the 21-day-infected cells, granular reaction products were markedly decreased ( Figs. 1D and 2 , B to G). At high magnification, some reaction product was found attached to (Fig. 2C , arrowhead) and riding on (Fig. 2D , arrowhead) the nuclear envelopes, in the cytoplasm (Fig. 2E, arrowheads) , and attached to the inner (Fig. 2F, arrowhead) and the outer surfaces of plasma membrane (Fig. 2G, arrowhead) . When PCR and Southern blotting were used to identify the EBV DNA in the EBV-infected cells, a marked 110 bp band of EBV in BamHI W fragment was seen in recently infected cells (1-3 weeks), but a weaker band was found after 4 weeks infection (data not shown).
Localization of EBNA-1 Antigen in EBV-Infected NPC Cells
When antibody against EBNA-1 was used to localize the EBNA-1 in the infected cells, reaction product was not seen in the EBV-free NPC cells (Fig. 3A) . But a clear reaction product was found in many nuclei of NPC cells 4 to 5 days after EBV infection (Fig. 3, B and C) . In NPC cells 16 days after infection, a strong to moderate EBNA-1 reaction product was seen in only a fraction of NPC cellular nuclei, whereas other cells revealed no immunostaining (Fig. 3D) . At 27 days after infection, only focal reaction product could be found in a few infected cell nuclei (Fig. 3, E and F) .
For comparison we have localized EBNA-1, LMP-1, EBV-VCA, and IL-6 at the same time (the 10th day after infection). The EBV-infected NPC cells stained with anti-EBNA-1 revealed strong reaction product in certain nuclei and moderate in other cells (Fig. 4A) . Reaction product of anti-LMP-1 was mainly seen at plasma membrane in many cells with some cells showing weak and no staining (Fig. 4B) , whereas reaction product of anti-IL-6 was also present in the cytoplasm of many cells, except for a few that were negative (Fig. 4D) . No reaction product of anti-EBV-VCA was detected in the EBVinfected cells (Fig. 4C) . We also compared the reaction product of anti-IL-6 in EBV-free and EBV-infected cells 10 days after infection. Results showed weak reaction product of anti-IL-6 in the EBV-free cells (data not shown), whereas the EBV-infected cells (10 days after infection) revealed moderate to strong reaction product as shown in Figure 4D .
Identification of mRNA Expression of Growth Factors/Cytokines in EBV-Infected NPC Cells by RT-PCR
When EBV-infected NPC-TW 01 and 06 cellular RNAs were checked by reverse transcriptase-polymerase chain reaction (RT-PCR) for comparison with their epithelial growth factor receptor (EGFR) mRNA expression at different time periods after infection, it was found that the EGFR mRNA was markedly elevated 2 to 3 weeks after infection (Fig. 5A, lanes 3 and 4) , but reduced gradually to its original level 4 weeks after infection (Fig.  5A , lane 5). When TGF-␣ was investigated, the mRNA was elevated 1 week after infection (Fig. 5B, lane 2) , but it decreased gradually to the original level within 2 to 4 weeks (Fig. 5B , lane 3 to 5). However, the other growth factors, such as TGF-␤1 (Fig. 5C ), TGF-␤ RI, and TGF-␤RII (data not shown), showed no specific change in their mRNA after EBV infection.
When IL-1␤ was examined, the result also showed a marked elevation of its mRNA expression 1 week after infection (Fig. 5D , lane 2), but again it decreased to the original level within 2 to 4 weeks after infection (Fig.  5D, lanes 2 to 4) . When IL-6 was checked, its mRNA showed marked increase of expression 1 week after infection (Fig. 5E , lane 2) and decreased gradually to the original level within 2 to 4 weeks after infection (Fig. 5E, lanes 3 and 4) . A particular finding was seen in granulocyte-macrophage colony-stimulating factor (GM-CSF) expression which showed marked increase of mRNA expression within 2 to 3 weeks after infection (Fig. 5F, lanes 2 and 3) . It remained at the increased level with a slightly decreased intensity 4 weeks after infection (Fig. 5F, lane 5) . However, the IL-8 and tumor necrosis factor ␣ (TNF-␣) expressions showed no specific change after EBV infection (data not shown).
[To confirm the RT-PCR results, we have also performed immunodot methods using serial dilution of supernatants from these cells with antibodies against EGFR and IL-6. The results revealed changes similar to the RT-PCR findings (data not shown).]
In order to confirm that binding of polymeric immunoglobulin IgA to its receptor could not induce cellular gene expression in NPC cells, we treated NPC cells with IgA anti-EBV-VCA for different time periods and examined the expression of IL-6 mRNA. Results showed no specific change of IL-6 expression ( Fig. 6 , lanes 2 to 5) when compared with untreated NPC cells (Fig. 6, lane 1) . Similarly, no change of IL-6 expression was found when antibody against SC was applied to NPC cells, followed by incubation with EBV particles, and then examination of the expression of IL-6 in each incubation time period (data not shown)
The above experiments have all been done in two separate cell lines (NPC-TW01 and NPC-TW-06) with similar results. Therefore, we only showed one representative cell line. (Since the difference between RT-PCR bands of cytokine/growth factor genes and the internal control ␤-actin gene were rather clear for comparison in the present experimental conditions, we did not show the densitometric analysis data.) 
Discussion
To ensure that the EBV-infected NPC cell model using polymeric immunoglobulin receptor (pIgR)-mediated endocytosis was feasible and reproducible, we incbated NPC cells with NPC patient antiserum and EBV particles and then cultured the cells for different time periods. We identified the EBV DNA in the infected A montage of individual NPC cells infected by EBV at high magnification. The experimental condition was the same as in Figure 1 . A, NPC-TW 01 cell infected by EBV for 2 days; B to G, infected for 21 days. A, Many granular reaction products of EBV DNA signal are aggregated in the nucleus (arrowhead); B, a few granules are clustered in the nucleus (arrowhead). The reaction product of EBV signal is attached to the inner surface of the nuclear envelope (arrowhead) in C, overriding on the nuclear envelope (arrowhead) in D, in the cytoplasm (arrowhead) in E, and attached to the inner surface of the plasma membrane (arrowhead) in F. One of the granular reaction products is exocytosed and attached to the external surface of the cell membrane (arrowhead) in G. (Bars in A-C and E-G, 10 m; bar in D, 5 m).
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cells by in situ PCR hybridization and in the extracted DNA fraction by PCR with Southern blotting. Results showed positive EBV signal in the EBV-infected cells with both methods, a result similar to the previous report (Lin et al, 1997b) . In addition, in the in situ PCR hybridization in different incubation time periods, we found a very interesting phenomenon: many granular reaction products of EBV DNA signal were seen in most culture cells (more than 90%) in NPC cellular nuclei 2 days after infection, but the DNA signal became much weaker (fewer than 50% of infected cells containing a few granular reaction products) 21 days after infection. Furthermore, in NPC cells with the 21-day-old infection, the granular reaction products of EBV DNA signal were found attached to and overriding the nuclear envelope, distributed in the cytoplasm and attached to the inner surface of the plasma membrane, and exocytosed extracellularly (Figs. 1 and 2). Similarly, PCR with Southern blot analysis revealed that the EBV DNA signal gradually decreased from the earlier infection (2-4 days after infection) to later infection (21-30 days after infection) during the in vitro culture passages (data not shown), a change similar to the reversed condition in the early infection periods, from 1 hour to 24 hours after infection, in which the EBV signal gradually increased (Lin et al, 1997b) . We have observed that a trace of EBV DNA and EBNA-1 persisted in the infected cultures for 2 months. However, after 70 days, all EBV genome had disappeared. These findings were also similar to our previously published data that EBV DNA was discharged gradually in the EBV-positive cell lines during serial passages (Lin et al, 1994) . [Our unpublished data, using CaSki cells (a uterine cervical cancer cell line with positive SC protein expression) infected by EBV through the same EBV-IgA-SC complex, also showed the discharge of EBV genome after 1 to 2 months infection. But when we infected the HeLa cells (another uterine cervical cancer cell line without SC protein expression) with EBV, no EBV genome could be detected in the HeLa cells]. Although the experimental results are snapshots, both experiments do suggest that during cell passage the EBV episomes gradually moved from the nucleus into the cytoplasm and were finally exocytosed extracellularly.
The reason(s) for the exocytosis of EBV episomes during the in vitro passages is not clear. Since EBNA-1 protein expression has been identified in all EBVinfected cells, this protein may play some role in maintenance of EBV episomes in the infected cells (Nemerow and Cooper, 1981; Pearson, 1993) . Therefore, we have used antibody anti-EBNA-1 to stain the EBV-infected NPC cells in different time periods. Results showed a similar finding that in the EBV-free NPC cells no EBNA-1 protein could be detected, but it appeared in the cells infected with EBV after approximately 1 to 2 weeks, and it decreased gradually during the 3rd and 4th week (Fig. 3) . Apparently, the appearance and disappearance of EBNA-1 protein in the EBV-positive and EBV-negative cells are in parallel with each other. This finding supports the hypothesis that EBNA-1 may be required for maintenance of EBV episomes in the infected cells (Nemerow and Cooper, 1981; Pearson, 1993) . It also suggests that in the in vitro EBV-infected cells, EBNA-1 expression may be suppressed by some unknown cellular factor(s) during the cellular passage resulting in discharge of EBV plasmids from the cells. Another possible explanation for this phenomenon is that EBV plasmids in the nuclei of in vitro cultured cells may require some unknown specific factors for maintenance of the plasmids inside the infected cells and these factors are missing in our culture medium, unlike the in vivo microenvironment which contains certain specific factors to keep the EBV plasmids in the in vivo EBV-infected tumor cells, such as in the EBV-positive NPC cells in the biopsy For comparison of the expression of endogenous and exogenous gene product in EBV-infected NPC cells, we used antibodies against EBNA-1, LMP-1, EBV-VCA, and IL-6 to observe their protein expressions at the same time after infection (ie, at the 10th day after infection). It was clear that no EBV-VCA was expressed, but EBNA-1, LMP-1 and IL-6 proteins were expressed after EBV infection. These findings indicate that NPC cells after EBV infection not only express viral protein, such as EBNA-1 and LMP-1, but also express host cellular protein (IL-6). We have also used antibody against IL-6 to stain the non-EBVinfected NPC cells and found that the latter contained rather weak reaction product of anti-IL-6 when compared with the EBV-infected cells (data not shown). These findings indicate that EBV infection can upregulate IL-6 protein expression. Furthermore, when we performed in situ hybridization to localize EpsteinBarr viral encoded RNA (EBER)-1, we could demonstrate a positive signal in certain EBV-positive cells 18 days after infection (Lin C-T, Kao H-J, Lin J-L, Chan W-Y, Wu H-C, and Liang S-T, unpublished data). All of these results suggest that the viral genomes in the host cells are in a latent phase.
Using this infection method, we incubated the EBVinfected NPC cells for 1, 2, 3, and 4 weeks. Their total RNAs were extracted for semiquantitative RT-PCR analysis of different mRNA expression. We selected certain growth factors, such as EGFR, TGF␣, TGF␤1, TGF␤RI, TGF␤RII, and cytokines, such as IL-1␤, IL-6, TNF␣, GM-CSF, for this experiment, firstly, because we wanted to know why the EBV-infected tumor cells showed a clonal expansion in vivo, (Lin et al, 1994 ) (a suggestion of faster proliferation). Therefore, we selected the growth factors which are more common for epithelial cell proliferation. Secondly, we are interested in the phenomenon that IgA antibody titer against EBV-VCA is always elevated or decreased and is followed by tumor proliferation or decreased tumor size after radiotherapy. For this reason we have chosen the cytokines that are more associated with antibody production. (In our unpublished data we have also included other cytokines, such as IL-4, IL-8, and RT-PCR analysis of growth factor and cytokine expression in NPC-TW 01 and NPC-TW 06 cell lines after EBV infection for 1, 2, 3, and 4 weeks, respectively. A, The gel analysis of RT-PCR product of EGFR-mRNA in NPC-TW 01 cell line. After EBV infection for 2-3 weeks, the EGFR mRNA of 677 band shows markedly increased intensity (lanes 3, 4). But 4 weeks after infection, the intensity of this band is decreased to the original level (lane 5). The internal control ␤-actin band has 318 bp. B, RT-PCR analysis of TGF-␣ mRNA expression in NPC-TW 06 cell line. After infection for 1 week, the TGF-␣ mRNA of 450 bp band is markedly elevated (lane 2), but gradually returns to the original level between 2-4 weeks after infection (lanes 3, 4, 5). The ␤-actin band of 318 bp is an internal control band. C, RT-PCR analysis of TGF-␤1 mRNA expression in NPC-TW 06 cell line. The TGF-␤1 mRNA expression of 288 bp band shows no specific change after EBV infections (lanes 2-5). The ␤-actin band of 173 bp is the internal control. D, RT-PCR analysis of IL-1␤ mRNA expression in NPC-TW 06 cell line. The intensity of 431 bp band of IL-1␤ mRNA is increased 1 week after EBV infection (lane 2), but gradually recovered to the original level 2, 3, and 4 weeks after infection (lanes 3, 4, 5). The 318 bp band of ␤-actin mRNA is an internal control. E, RT-PCR analysis of IL-6 mRNA expression in NPC-TW 06 cell line. The intensity of 495 bp band of IL-6 mRNA is increased after EBV infection for 1 week (lane 2). But it decreases gradually to the original level 2-4 weeks after infection (lanes 3, 4, and 5). The 318 bp band of ␤-actin mRNA is an internal control. F, RT-PCR analysis of granulocyte-macrophage colony-stimulating factor (GM-CSF) mRNA expression in NPC-TW 01 cell line. The intensity of 515 bp band of GM-CSF product is markedly increased 2-3 weeks after infection (lanes 2 and 3). It maintains the increased level, with slightly decreased intensity, 4 weeks after infection (lane 5). The 318 bp band of ␤-actin product is an internal control. Each experiment has been repeated 3 times. IL-10, for the studies, and all of them showed no specific change). The fact that the expression of EGFR mRNA increased in the 2 to 3 weeks after EBV infection and then gradually decreased to the original level by 4 weeks after infection indicates that EBV infection activates the host cellular EGFR expression, which may result in an increase in the rate of cellular proliferation through a paracrine or autocrine pathway (Boonstra et al, 1995; Santini et al, 1991; Zheng et al, 1994) .
A similar result has been reported by Miller et al (1995) . In this report, the LMP-1 gene was transfected to a uterine cervical carcinoma cell line that showed increased EGFR expression. We propose that the elevation of EGFR expression in our EBV-infected NPC cells may be due to the effect of LMP-1 protein and other unidentified proteins produced by EBV. A similar effect of EBV infection on TGF-␣ expression was also found, but here we could identify the marked elevation of TGF-␣ mRNA expression in the infected cell line 1 week after infection. We believe that the elevation of TGF-␣ expression in EBV-infected cells may also play some role in the progression of NPC cell growth (Arai et al, 1990; Derynck, 1992; Kumar et al, 1995; Untawale et al, 1993) , similar to the effect of EGFR. However, it should be pointed out that the elevation of EGFR and TGF-␣ expressions after EBV infection seems to be a temporary phenomenon, probably caused by the decrease of EBV genomes in the infected cells during the in vitro passages. The findings that the expression of TGF-␤1, TGF-␤RI, and TGF-␤RII in EBV-infected NPC cells in the present experiment showed no specific change suggest that EBV infection has no relationship to the expression of TGF-␤ and its receptors.
For IL-1␤ expression in the EBV-infected cells, our results showed marked elevation of IL-1␤ expression 1 week after infection. But again it decreased to the control level 2 weeks after infection. It has been proposed that IL-1␤ works in combination with IL-6 to activate T helper cells and natural killer cells and promote B cell maturation and clonal expansion (Bende et al, 1992; Collard and Gearing, 1994) . If so, the elevation of IL-1␤ expression in EBV-infected NPC cells may enhance the host immune system to reduce NPC progression. Increased synthesis of cytokine IL-6 from certain tumor cells has been previously reported (Bende et al, 1992; Clemens, 1991; Kuby, 1992; Nicola, 1994) . Results from our EBV-infected NPC cells also revealed marked increase of IL-6 mRNA expression 1 to 2 weeks after infection, indicating that EBV infection in NPC cells could enhance IL-6 mRNA expression. This finding is supported by the immunohistochemical result that IL-6 protein expression is up-regulated by EBV infection as mentioned above. The important functions of IL-6 are to stimulate B cells to produce more IgG and IgA (Tanner and Menezes 1994) and to convert the latent phase of EBV genome in EBV-infected B cells into a lytic phase of EBV replication in the infected cells (Tanner and Menezes 1994) . Consequently, it is reasonable to predict that the increase of IL-6 synthesis from EBV-infected NPC cells may cause the tumor-infiltrating, EBV-primed, B lymphocytes to synthesize more IgG and IgA anti-EBV protein. Furthermore, IL-6 synthesis may also cause the tumor-infiltrating, latently EBV-infected, B lymphocytes to become B cells containing a lytic phase of EBV replication. However, further experiments are needed to confirm this speculation.
Although up-regulation of host cytokine/growth factor gene expressions by EBV infection can be observed as demonstrated in the present experiment, the possibility that it may be induced by the process of endocytosis via the IgA receptor cannot be totally ruled out. Therefore, we have performed an experiment to observe this possibility. The fact that NPC cells, when treated with IgA anti-EBV only and incubated for different time periods, showed no specific change of IL-6 mRNA expression (Fig. 6) , strongly indicates that binding of IgA to its receptor on NPC cells does not induce cytokine gene expression in the host cells.
The data for IL-8 and TNF-␣ expression showed no specific change after EBV infection, indicating that IL-8 and TNF-␣ are not regulated by EBV product. However, when GM-CSF was examined, a clear elevation of its mRNA was found in the 2nd and 3rd weeks after infection, and it remained at the elevated level, with slightly decreased intensity, 4 weeks after infection. The function of GM-CSF is to stimulate bone marrow stem cells to proliferate more granulocytes and monocytes for protection and enhancement of the host defense system (Bende et al, 1992; Clemens, 1991; Kuby, 1992; Nicola, 1994) . It is not clear whether it has specific relationship with tumor progression.
In summary, in EBV-infected NPC cells in vitro, we have demonstrated that the EBV genome could transcribe EBER-1 and express EBNA-1, LMP-1 but not EBV-VCA. The infected virus particles were discarded from NPC cells by a cellular exocytosis process after long-term and serial passages, probably because of the suppression of EBNA-1 expression in the infected cells by some unidentified factors or some unknown factors in the in vivo microenvironment that are missing in the in vitro culture medium. Also, we have demonstrated that EBV protein products could cause elevation of gene expressions of some growth factors, such as EGFR and TGF-␣, and of some cytokines, such as IL-1␤, IL-6, and GM-CSF. However, some growth factors, such as TGF-␤1, TGF-␤RI, and TGF-␤RII, and some cytokines, such as IL-8 and TNF-␣, were not affected by EBV infection. When EBV particles were discharged from the infected cells, the change in gene expressions subsided. It is concluded that NPC cells proliferate faster than EBV-negative cells, probably through the activation of cellular gene expression of growth factors and cytokines. However, in vitro, these EBV-infected NPC cells rid themselves of EBV genomes by exocytosis, probably through the sort of unidentified cellular factors that are necessary to maintain the viral genome in the host cells.
Materials and Methods
Cell Lines and Culture
Two representative NPC cell lines [NPC-TW 01-50 (NPC-TW 01 at 50th passage) and NPC-TW 06 -50] were used for this experiment. NPC-TW 01 was derived from a keratinizing squamous cell carcinoma (WHO Type I) (Lin et al, 1990) , and NPC-TW 06 from an undifferentiated carcinoma (WHO Type II b) (Lin et al, 1993) . Although both lines contained EBV DNA at early passages, both became negative after 30 passages (Lin et al, 1994) . Both cell lines were cultured in DMEM containing 5% FCS and incubated in a 10% CO 2 incubator. Another two cell lines, B95-8 line (a marmoset lymphoblastoid line containing both latent and lytic forms of EBV) and the Raji cell line (derived from a B cell Burkitt's lymphoma) were used for isolation of EBV particles and to serve as controls.
Preparation of EB Viral Particles
The procedures used for isolation of EBV particles and identification of viral DNA in the isolated solution were modified from a previously published method (Ausubel et al, 1990; Lin et al, 1997b) . Briefly, B95-8 cells were cultured and mixed with 12-Otetradecanoylphorbol-13-acetate (TPA) (20 ng/ml) and then reincubated for approximately 7 to 14 days. The cells and culture medium were centrifuged at 1,500 ϫg for 30 minutes. The supernatant was then added mixed with bacitracin at a final concentration of 100 g/ml, and filtrated using a filter with 0.8-m pore size. The supernatant was recentrifuged at 15,000 ϫg for 2 hours. The precipitate was then dissolved in 1% of the original volume of culture medium. The viral solution was subjected to PCR analysis of EBV DNA using primers according to our previously published paper (Lin et al, 1994) and showed positive EBV DNA (data not shown). It was aliquoted and stored at Ϫ79°C for future use. For all of the following experiments, we did not perform the experiments using inactivated virus, because it was not the purpose of this study.
Procedure for EBV Infection
The procedure for EBV infection was performed according to the previously published method using EBV-IgA-SC-mediated endocytosis with some modification (Lin et al, 1997b; Sixbey and Yao, 1992) . Briefly, two NPC cell lines (NPC-TW01 and NPC-TW06) were cultured overnight, washed twice with serum-free DMEM, and incubated with the NPC patient's serum diluted at 1:50 with DMEM, respectively. The patient's serum contained high titer of IgA anti-EBV-VCA (1:640) and could neutralize EBV with regard to the infection of B cells. The cells were incubated at 4°C for 30 minutes, rinsed with cold DMEM twice, added to a crude EBV preparation, and then incubated for another 30 minutes at 4°C. They were then incubated at 37°C for 1, 2, 3, and 4 weeks. The cells were then collected and used for the experiments described below. In the control cases, some cells were treated either with human IgA anti-EBV VCA only (without addition of EBV), or with antibody against SC (Sigma, St. Louis, Missouri) for 30 minutes, and then subjected to EBV infection as mentioned above. Both conditions were then analyzed by RT-PCR for assay of IL-6 mRNA expression.
In Situ PCR Hybridization and PCR-Southern Blotting
To confirm successful EBV infection in NPC cells, in situ PCR hybridization and PCR-Southern blotting were performed. After infection by EBV, the NPC cells were cultured on the coverslips for different time periods and then fixed for in situ PCR hybridization according to our previously published method with some modification (Lin et al, 1994) . Briefly, the cells on coverslips after fixation in 3% paraformaldehyde and washing, were treated with PCR buffer containing primers derived from an EBV-BamHI W fragment (Lin et al, 1994) and sealed with rubber cement and subjected to the PCR program. The coverslips were then washed and hybridized with digoxigenin (dig)-labeled EBV probe and incubated with alkaline phosphatase (AP)-labeled antibody against dig and with AP substrate. For negative control, the NPC cells were treated with the antibody against SC before being incubated with EBV and then subjected to in situ PCR hybridization. Some EBV-infected cells were tested using PCR-Southern blot analysis to identify EBV DNA (Lin et al, 1994) . Briefly, DNA was isolated from EBV-infected NPC cells with different infection periods by SDS lysis, proteinase K digestion, and phenol/ chloroform extraction. One g of DNA from each condition was subjected to PCR amplification and transferred to a nylon membrane and hybridized with dig-labeled EBV probe.
Immunolocalization of EBNA-1, LMP-1, EBV-VCA, and IL-6 in EBV-Infected NPC Cells
For localization of EBNA-1 protein expression in EBVinfected NPC cells, a routine immunohistochemical method previously developed by our laboratory was used (Lin et al, 1997b) . Briefly, after incubation for 1, 3, and 4 weeks, EBV-infected NPC cells were fixed for immunostaining using antibody against EBNA-1 (Calbiochem, San Diego, California) with 1:50 dilution. For comparison of protein expression from endogenous and exogenous gene transcripts in the EBV-infected NPC cells, we localized EBNA-1, EBV-VCA, LMP-1, and IL-6 proteins at the same time, 10 days after EBV infection.
Reverse Transcriptase (RT)-PCR Analysis of Cellular RNA Expression
To analyze the change in growth factor and cytokine gene expression after EBV infection, we used a semiquantitative RT-PCR to observe cellular mRNA expression (Wilkinson, 1988) . The RNAs were isolated from the uninfected and EBV-infected NPC cell lines, which had been incubated for 1, 2, 3, and 4 weeks, by NP-40-sodium deoxycholate dextran sulfate lysis and phenol/chloroform/amylalcohol extraction (Wang et al, 1989). For synthesis of cDNA, 2 g of total RNA from each condition was mixed with 0.5 g oilgo dT 15 meres and distilled water to make a final volume of 30 l in toto, incubated at 75°C for 5 minutes, and then shifted to 4°C. This final volume was mixed with 10 l of M-MLV RT buffer (250 mM DTT, 187.5 mM KCl, 1250 mM Tris-HCl, pH 8.3, at 37°C), 8 l of 2.5 mM dNTPs, 39 U rRNAsin (Promega, Madison, Wisconsin), and 200 U M-MLV RNase H minus reverse transcriptase (Promega), to a total volume of 50 l, mixed well, and then incubated at 42°C for 2 hours. The reaction was stopped by incubating at 95°C for 5 minutes. After dilution, the reaction product was aliquoted and the RT product was stored at Ϫ79°C until used.
For RT-PCR, the RT reaction product (containing approximately 0.005-0.02 g of original RNA) was added to PCR buffer, 0.5 M of each mRNA primer (the primer sequence for each mRNA is shown in Table 1 ), 0.25 M of ␤-actin primers [for internal control as suggested (Massague, 1990; Paludan and Thestrup-Pedersen, 1992)] , and approximately 1.5 to 2.0 mM MgCl 2 , 2 U Taq polymerase (Promega) to a final volume of 25 l. For PCR we used a touch-down program (Carpenter, 1987) , ie, the annealing temperature was gradually decreased every two cycles. The first cycle for this reaction program started at 95°C for 3 minutes, then 65°C for 1 minute, and 72°C for 1 minute. For the second and third cycles, the condition was the same: 95°C for 30 seconds, then 64°C for 1 minute, and 72°C for 1 minute. Thereafter, the annealing temperature was decreased 1°C every two cycles, from 64°C, until it reached 56°C. The final cycle went to 95°C for 30 seconds, then 55°C for 1 minute, and 72°C for 1 minute. Finally, it was stopped at 72°C and then kept at 4°C. The PCR product was checked by 2% agarose gel electrophoresis in Tris base-boric acid-EDTA buffer. 
